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Abstract

Aims: To determine trends in 3,4 methylenedioxymethamphetamine (MDMA)-related death
rates across Australia, Finland, Portugal and Turkey and to analyse causes of death across
countries; and 3. analyse the toxicology of deaths across countries.

Design: Analysis of MDMA-related deaths extracted from a national coronial database in
Australia (2001-2019) and national forensic toxicology databases in Finland (2001-2017),
Portugal (2008-2019) and Turkey (2007-2017). Presentation of MDMA use and seizure data
(market indicators).

Setting: Australia, Finland, Portugal and Turkey.

Cases: All deaths in which MDMA was considered by the forensic pathologist to be
contributory to death.

Measurements: Information collected on cause and circumstances of death, demographics, and
toxicology.

Findings: 1,400 MDMA-related deaths were identified in Turkey, 507 in Australia, 100 in
Finland, and 45 in Portugal. The median age ranged from 24 to 27.5 years and males
represented between 81 and 95% of the deaths across countries. Standardised mortality rates
significantly increased across all four countries from 2011-2017, during a period of increased
purity and availability of MDMA. The underlying cause of death was predominantly due to
drug toxicity in Australia (n=309, 61%), Finland (n=70, 70%) and Turkey (n=840, 60%), and
other causes in Portugal (n=25, 56%). Minorities of all deaths across the countries were due to
MDMA toxicity alone (13-25%). These deaths had a significantly higher blood MDMA
concentration than multiple drug toxicity deaths in Australia, Finland and Turkey. Drugs other
than MDMA commonly detected were stimulants (including cocaine, amphetamine and
methamphetamine) (Australia - 52% and Finland 61%) and alcohol (Australia - 46% and

Portugal 49%). In addition to MDMA toxicity, benzodiazepines (81%) and opioids (64%) were



commonly identified in these deaths in Finland. In comparison, synthetic cannabinoids (15%)
and cannabis (14%) were present in a minority of deaths in Turkey.

Conclusions: Deaths related to 3,4 methylenedioxymethamphetamine (MDMA) increased in
Australia, Finland, Portugal and Turkey between 2011 and 2017. MDMA toxicity alone can

be fatal but multiple drug toxicity remains more prevalent.



Introduction

An estimated 21 million people worldwide reported the wuse of 34
methylenedioxymethamphetamine (MDMA) in the past 12 months (1). Patterns of MDMA
consumption across most countries appear to be infrequent (1-5), and there is limited evidence
for the existence of an MDMA dependence syndrome (6-8). Literature also suggests that harms
arising from MDMA consumption are predominantly associated with acute adverse events (e.g.
jaw clenching, increased heart rate, dizziness and hyperactivity) (9) that are relatively modest
and transient in their impact (10). Some of the more serious adverse effects however, include
tachycardia, hypertension, hyperthermia, serotonin syndrome, seizures, stroke, hyponatremia
and cardiac arrest (9, 11, 12) as well as an elevated risk for traumatic injury and suicide (13).
These risks can occur as a result of pharmacokinetic actions of MDMA as well as in response
to environmental conditions (14), and in some instances can result in death (11, 15).
International MDMA markets have undergone substantial changes in more recent times, most
notably with indications of increasing manufacture of high purity MDMA (16). Increased
purity has important implications for MDMA use and harms, as research shows that use of
MDMA where the dose exceeds 120 mg increases the risk of adverse effects (17). In Europe,
the average MDMA content of tablets among countries routinely reporting data has been rising
since 2010 and reached a 10-year high in 2018 (half the countries reported an average between
132 and 181 mg per tablet) (16) with some MDMA tablets recorded with doses exceeding
300mg (18).

Little is known about MDMA-related mortality internationally. Previous work in Australia has
examined trends over time in MDMA-related deaths and circumstances under which these

deaths occurred (13, 15).



Against a global context of high and increasing purity, and increased availability, and
prevalence of MDMA use, this study extends previous work, updating Australian data, and
reporting for the first time, trends in MDMA-related deaths in Finland, Portugal and Turkey.
Aims

This analysis aims to identify trends in MDMA-related mortality rates, and explores causes of
death and median MDMA blood concentrations across countries.

Methods

Seizures and Use

Data are briefly presented on these indicators to provide some background on MDMA
availability and use in each country. Data on the weight in kilograms of total MDMA seizures
detected from the UNODC World Drug Report are reported (1). Data are reported on past year
MDMA use among young adults (the group where use is highest) aged 25 to 34 years from the
latest population survey available in each country (4, 5).

Deaths

Data for deaths in Australia were extracted (by author AR) from the National Coronial
Information System (NCIS), an online database that contains information on all deaths
reportable to a coroner. Data for deaths in Finland, Portugal, and Turkey were extracted (by
authors PK, MJ & AC, and BS respectively) from the forensic toxicology databases available
in each country, which are used for annual reporting to the European Monitoring Centre for

Drugs and Drug Addiction (EMCDDA) (5, 19, 20).



Case selection

Two categories of deaths were included in the study; 1) Deaths where MDMA toxicity was
considered by the forensic pathologist to be the underlying cause of death (with or without
other drug toxicity), herein referred to as ‘drug toxicity deaths’; and 2) Deaths where MDMA
toxicity or intoxication were considered to be a contributory cause, herein referred to as ‘other
cause deaths’. This analysis refers to all deaths, drug toxicity and other cause deaths, as
‘MDMA-related deaths.” Homicides were excluded in addition to deaths where MDMA was
detected in toxicology but not attributed as causal or contributory to the death. Inclusion and
exclusion criteria were applied consistently across all four countries.

Toxicology

Toxicology data were utilised to present other substances detected post-mortem by country.
Median blood concentrations of MDMA in mg/L are presented where blood samples and
quantitative results were available.

Measures

Demographic variables assessed included age at death and gender. Year of death was also
extracted for inclusion in analysis. The cause of death variable (drug toxicity or other cause)
was derived from the medical cause of death field as determined by the pathologist. Within the
drug toxicity deaths, the variables multiple drug toxicity and MDMA toxicity alone were also
derived from the medical cause of death field. Variables for the other drugs detected in
toxicology were derived from the medical cause of death field and toxicology reports
containing quantitative data on blood concentrations of drugs detected during coronial
investigations. Median blood concentrations were calculated from quantitative data on blood

concentrations contained in toxicology reports.



Statistical Analyses

This analysis has not been pre-registered on a public platform. Differences in age and gender
by cause of death were assessed using logistic regression. Odds ratios (OR), 95% confidence
intervals (95% CI) and p values were reported for these tests. Differences in median MDMA
blood concentrations by cause of death were assessed using the Mann-Whitney U test.

The timeframe of data presented varies by country depending on data availability; 2001 to 2019
for Australia; 2001 to 2017 for Finland; 2008 to 2019 for Portugal; and 2009 to 2017 for
Turkey.

Age-adjusted MDMA death rates per 100,000 population aged 15-64 were calculated for each
country using estimates of the resident population in June each year for Australia (21), and in
January of each year for Finland, Portugal and Turkey (22). Standardised mortality rates were
then calculated for each country utilising World Health Organization (WHO) age-standardised
world population figures — estimated average 2000-2025 (23). Standardised mortality rates
allowed for comparisons over time across countries. Rates and trends across countries are
placed in the context of MDMA market indicators (seizures detected and prevalence of use) in
each country.

Standardised mortality rates were modelled using negative binomial regression where there
was over-dispersion, and Poisson regression where there was not (24). Year was entered as a
categorical variable into the regression, modelling all MDMA-related deaths for each country.
Linear trends were statistically analysed for the period 2011-2017. Analyses for trends in rates
of deaths were conducted using SAS 9.4 (25). All other analyses were performed in SPSS 26.0
(26).

The sequential Bonferroni method (27), applying an iterative stepwise adjustment of alpha
values within each set of analyses by country, was used to account for multiple comparisons.

Results



MDMA seizures and prevalence across countries

Australia ranked in the top three countries internationally for the greatest quantity of MDMA
seizures detected between 2014 and 2017, ranking first in three of these four years (with 4,374
kgs seized in 2014, 4,865 kgs in 2016, and 3,065 kgs in 2017) (Supplementary Figure 1) (1).
Turkey ranked in the top three countries in three out of four years between 2014 and 2017, with
weights ranging from 975 kgs to 2,332 kgs. Numbers of seizures have increased substantially
in Australia and Turkey since 2011. Quantities of MDMA seized in Finland and Portugal have
remained comparatively low, ranging from 2 to 41 kgs during this period. The number of
seizures in Finland has fluctuated over time while numbers have increased in Portugal to 282
in 2017 (Supplementary Figure 1).

The prevalence of past-year MDMA use among Australians aged 25 to 34 years is highest (6%
in 2019) (4) across the four countries, and internationally (1), followed by Finland (2.6% in

2018), Turkey (0.2% in 2017) and Portugal (0.1% in 2016) (5) (Supplementary Figure 2).

Trends in standardised mortality rates over time

The number of reported MDMA-related deaths were highest in Turkey (1,400 total deaths),
followed by Australia (507 deaths), Finland (100 deaths) and Portugal (45 deaths). Rates of
MDMA-related deaths increased significantly between 2011 and 2017 in; Australia (from 0.02
to 0.12 per 100,000) by an average of approximately 34% (95% CI: 14.2, 57.7) each year
(p<0.01); Finland (from 0.09 to 0.33 per 100,00) by an average of approximately 21% (95%
Cl: 7.3, 37.4) each year (p<0.05); Portugal (from 0.03 to 0.12 per 100,000) by an average of
approximately 36% (95% CI: 8.6, 70.9) each year (p=0.01); and Turkey (from 0.05 to 0.37 per
100,000) by an average of approximately 44% (95% CI. 24.9, 67.2) each year (p <0.0001)
(Figure 1). In 2017, rates were highest in Turkey (0.37 per 100,000 population), followed by

Finland (0.33 per 100,000), Australia (0.12 per 100,000) and Portugal (0.12 per 100,000).



Insert Figure 1 here

Demographic characteristics

Deaths occurred predominantly among males across all four countries (ranging from 81% in
Australia to 94.8% in Portugal) (Table 1). The median age of decedents ranged from 24 years
in Finland to 27.5 years in Portugal. There were no differences in age between males and
females in Turkey or Finland, while in Australia, females were significantly younger than
males (24 v 27 years, U=23,242.0, p<0.01) (Figure 2). Small numbers of female decedents in

Portugal precluded gender analysis.

Insert Figure 2 here

Cause of death

The majority of MDMA-related deaths in each country (except Portugal — 44%) were attributed
to drug toxicity (from 60-70%), with smaller proportions attributed to other causes (from 30 to
40%) (Table 1). A total of 813 (40%) out of 2,052 deaths were attributed to causes other than
drug toxicity across the four countries, accounting for 39% of deaths in Australia, 30% in
Finland, 40% in Turkey, and 56% in Portugal (Table 1). These deaths were due to traumatic
(mostly motor vehicle) accidents, with smaller proportions attributed to suicide and disease
(data not shown).

Age differences were apparent by cause of death however, this varied across countries. In
Turkey, decedents of drug toxicity deaths were significantly younger than those of other cause
deaths (26 vs 28 years, U=183645.0, p=0.01). Decedents of drug toxicity deaths in Australia
(27 vs 25 years, U=34,644.0, p=0.01) were significantly older than those of other cause deaths.

No age differences were found between the causes of death in Finland or Portugal (Table 1).



Decedents of MDMA toxicity alone deaths were significantly younger than those of multiple
drug toxicity deaths in Australia (24 vs 28 years, U=10,116.5, p=0.000) and Turkey (24 vs 27
years, U85967.0, p=0.000). No age differences were found among these deaths in Finland, and
small numbers in Portugal precluded testing (Table 1).

Gender differences were apparent concerning the cause of death in Australia, with fatalities
among females significantly more likely to be attributed to drug toxicity than among males
(OR 1.2, 95% CI 1.1-1.4, p=0.018) (Table 1). Specifically, women were significantly more
likely to die as a result of MDMA toxicity alone than men in Australia (OR 2.8, 95% CI 1.8-
4.3, p=0.000) (Table 1). No gender differences were apparent by cause of death in Turkey or
Finland, and small numbers in Portugal precluded further analysis.

In Australia, where deaths were attributed to drug toxicity, females were significantly younger
than males (23 vs 28 years, U=10,474.0, p=0.000). No gender differences in age were found

across the remaining countries (Table 1).

Insert Table 1 here

Toxicology

MDMA was detected in all deaths. Quantitative data on MDMA blood concentrations were
available in 435 (86%) deaths in Australia, 81 (81%) deaths in Finland, 44 (98%) deaths in
Portugal, and 271 (19%) deaths in Turkey. Overall, drug toxicity deaths had significantly
higher blood MDMA concentrations than other cause deaths in Australia (U=27382.5,
p=0.000) and Turkey (U=12579.5, p=0.000). No overall differences were found in Portugal or
Finland (Figure 3.1). Among drug toxicity deaths (N=1,239), those attributable to MDMA
toxicity alone (N=441; 36%) had a significantly higher blood MDMA concentration than

multiple drug toxicity deaths in Australia (U=3045.5, p=0.000), Finland (U=133.0, p=0.002),
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and Turkey (U=2148.0, p=0.000), with no differences found between these concentrations in
Portugal (Figure 3.2). Complete data on the ranges of MDMA blood concentrations on cases

where available are presented in Supplementary Tables 1A through 1D.

Insert Figure 3 here

Other substances were commonly detected in addition to MDMA in post-mortem toxicology.
Psychostimulants were the most prevalent substance seen across most countries, as well as
alcohol and cannabis. There were differences across countries concerning the specific
substances identified, with cannabis and synthetic cannabinoids commonly detected in Turkey,
and high proportions of deaths with opioids and benzodiazepines detected in Finland. Alcohol
was detected in almost half of the cases in Portugal (49%), Australia (46%) and one-third in
Finland (36%). Small numbers of deaths in Australia and Finland had new psychoactive
substances (NPS) present, including paramethoxyamphetamine, alpha-PVP, and
methcathinone. Apart from synthetic cannabinoids, NPS were not detected among MDMA-

related deaths in Portugal or Turkey (Table 2).

Insert Table 2 here
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Discussion

To the best of our knowledge, this paper represents the first international cross-country analysis
of MDMA-related mortality. Despite documented national differences in MDMA availability
(seizures) and prevalence (surveys) of use, trends in deaths from 2011 to 2017 showed a similar
pattern across the four countries (Australia, Finland, Portugal and Turkey), with rates of deaths
increasing during this time. The decedents across all countries were predominantly young
males in their mid-twenties and this is consistent with the data presented on the prevalence of
past-year MDMA use in each country.

Deaths across three of the countries (Australia, Finland and Turkey) were mainly due to acute
(mostly multiple) drug toxicity, with minorities (13% to 25%) of all deaths attributed solely to
MDMA toxicity. These findings are consistent with drug-related mortality in general, showing
that most deaths occur in the context of concomitant or polydrug use (28, 29).

Similarities across countries were apparent in relation to age and gender by cause of death,
however, some of these were difficult to detect due to small numbers. Decedents of drug
toxicity deaths in Australia were significantly older than those of other cause deaths. This
relationship was also apparent in Portugal, but small numbers meant the finding did not reach
significance. Older age among toxicity deaths most likely reflects the over-representation of
young men in motor vehicle (the majority of other cause) deaths (30). Interestingly, the reverse
was true in Turkey, with decedents of drug toxicity deaths significantly younger than those of
other cause deaths. These age differences in Turkey are consistent with a reportedly younger
population of drug consumers, and younger age of those who die from a drug overdose
compared to the European average (5, 16). Concerning gender, deaths among females in
Australia were significantly more likely to be attributed to drug toxicity than other causes. This
relationship was also apparent in Finland, but small numbers meant the finding did not reach

significance. Australian women were significantly more likely to die from MDMA toxicity
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alone. These findings may reflect gender differences in MDMA toxicity, with some research
suggesting women are likely to be at greater risk of toxicity than men (31).

Toxicology findings provided important insights into these deaths. MDMA blood
concentrations were significantly higher among drug toxicity than other cause deaths in
Australia and Turkey. Specifically, concentrations were significantly higher among MDMA
toxicity alone than multiple drug toxicity deaths across three (Australia, Finland and Turkey)
of the four countries. Interestingly the range of blood concentrations was broad, with some
fatalities occurring in the context of very low concentrations. Previous literature documents
that MDMA toxicity fatalities have primarily occurred with MDMA blood concentrations
greater than 0.5mg/L (32). The majority of deaths (where quantitative data were available)
across all four countries in the current study were linked with concentrations above 0.5mg/L.
However, blood concentration is only one of a multitude of factors involved in MDMA
fatalities (33), with other mechanisms of death also likely, accounting for the large ranges in
blood concentrations that are seen among these deaths (32). In addition, variations in time to
death can also influence post-mortem redistribution of MDMA and median blood
concentrations (34). Further research on the mechanisms involved in MDMA-related deaths is
required.

Other drugs implicated in these deaths varied by country, although other stimulants, alcohol
and cannabis were common across all four countries. Synthetic cannabinoids featured in
substantial minorities of MDMA deaths in Turkey, while benzodiazepines and opioids were
prevalent in Finland. Consistent with these findings, two-thirds of all drug-induced deaths in
Turkey in 2017 involved synthetic cannabinoids (19).

Placing these findings in the context of demographics and market indicators (seizures and use)
presented, it is unsurprising that the absolute number of deaths in Turkey and Australia were

the highest among the four countries (also noting much larger population sizes - 79 and 25
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million respectively - than Portugal and Finland — 10 and 5 million) (21, 22). In 2017, Australia
recorded the highest seizure weight, the highest prevalence of MDMA use globally (35), and a
much higher prevalence of use compared to the other three countries studied. Turkey recorded
the second-highest seizure weight globally in 2017, and more MDMA is now seized in Turkey
than in the European Union as a whole (29). Turkey is located within one of the key drug
trafficking routes connecting Europe and Asia (16, 36). While it has traditionally been seen as
a transit country, there is now growing evidence to suggest that illicit drug use within Turkey
is increasing (36). Despite the low population prevalence of MDMA use reported in Turkey,
other data such as treatment presentations, seem to indicate MDMA use is on the rise (16).
Rates of MDMA-related deaths in Finland were also comparatively high, and the prevalence
of MDMA use higher than in the other two European countries considered in this paper. In
2018, Finland recorded the third-highest past-year prevalence of MDMA use among young
adults aged 25-34 years across Europe, behind the Netherlands and Belgium (5). Interestingly,
seizure data showed low numbers and weights of seizures which may reflect Finland’s close
geographic proximity to the MDMA manufacturing countries - the Netherlands and Belgium
(1). Wastewater analysis shows that MDMA use has steadily increased in Finland between
2012 and 2019 (37, 38).

Deaths in Portugal, although increasing, were occurring at a much lower rate, and in the context
of the relatively low prevalence of use and small numbers/weights of MDMA seizures detected.
Analysis of wastewater data in Portugal also suggests MDMA use has increased between 2015
and 2019 (38).

Our findings have important public health implications. This paper shows that MDMA toxicity,
in the absence of other substances, can be fatal. The fatal nature of MDMA toxicity alone is an
important message for consumers, particularly within the context of high purity MDMA which

is readily available in both Australia and across Europe (35). A recent coronial inquest into
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MDMA-related deaths occurring at festivals in Australia found that young consumers were
unaware of MDMA market changes (increasing purity) and the potential risks of fatal toxicity
(33), highlighting the urgent need for messages targeting these groups. The dangers of
concomitant drug use also need to be emphasised. The use of multiple (MDMA and other)
stimulants places more significant stress on the cardiovascular system, increasing the
probability of toxicity. The presence of alcohol among these deaths is important. Alcohol use
at high levels has been shown to exacerbate cardiotoxic effects (39), and in combination with
MDMA synergistically increases blood concentrations of both substances, potentiating toxicity
(40). The presence of synthetic cannabinoids among deaths in Turkey also has public health
implications. The pharmacologic effects of synthetic cannabinoids most closely resemble those
of stimulants and primarily include cardiotoxic effects (41), which may increase the toxicity of
both substances when used in combination. While there is less known about the interaction
between MDMA and central nervous system depressants such as benzodiazepines and opioids
(42), some opioids have implications for potentiating serotonin toxicity (43), as does MDMA
(42). Warning consumers of the specific risks associated with combining particular substances
with MDMA is critical in reducing MDMA-related harms. Finally, this study highlights the
importance of toxicology data in informing the determination of the cause of death, as well as
providing necessary surveillance on the changing risks and nature of MDMA-related deaths
internationally. These data are central to drug-related death investigations as they provide
essential contextual information.

Strengths and Limitations

The strengths of this study are the use of data extracted from coronial and forensic databases
across the countries. This enables collection of details from the results of coronial investigative
procedures, allowing for differentiation of MDMA from amphetamine-related deaths. This

distinction is not possible in general mortality registries that use the International Classification
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of Diseases (ICD-10) coding structure (44). The 2021 edition of ICD-10 coding (effective
October 2020) (45) now includes a code specifically for MDMA poisoning however coronial
and forensic data are likely to remain the most sensitive method for monitoring MDMA-related
mortality until the updated coding structure is fully implemented. Coronial and forensic data
also allow for more detailed analyses of the circumstances of death compared to data from
general mortality registers. Limitations also warrant discussion. Firstly, given the complexity
of coronial investigations, we may not have captured all MDMA-related deaths during the
period as some investigations may not be complete. Second, there are likely to be differences
within and across countries in the types of routinely tested drugs in drug-related death
investigations. This may lead to an underestimate in numbers and rates of MDMA-related
deaths. Finally, quantitative data on MDMA blood concentrations was not available in all
cases, which may have biased these findings. This was particularly true for Turkey. However,
comparative analysis of Turkish cases with and without blood concentration data showed no
differences in demographic characteristics (gender or age).

Conclusion

This study provides new insights into MDMA-related deaths across several countries in
Europe, and comparisons with Australia. Findings show that most deaths occur among males,
and that deaths are premature, given the decedents were aged in their mid-twenties. MDMA
toxicity alone can be fatal. Nonetheless multiple drug toxicity remains most prevalent overall
in MDMA-related deaths. Similarities across countries were evident; increasing trends were
seen in all four countries, and similar trends were seen in toxicology findings, with higher
MDMA blood concentrations associated with deaths due to MDMA toxicity alone. Differences
across countries were also apparent, particularly concerning other drugs detected in toxicology.
This highlights the need for targeted harm reduction messages in the context of local patterns

of illicit drug use. Warning young consumers about the risks associated with MDMA use, alone
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and in combination with other drugs, is critical, particularly in the context of rapidly changing

drug markets globally.
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NB:

Rate per 100,000 population

Figure 1: Standardised mortality rates of MDMA-related deaths per 100,000 population aged 15-64, by country and cause of death
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Statistical analysis conducted on trends across countries between 2011 and 2017.



NB:

Rate per 100,000 population

Figure 1.3 Portugal, 2009-2017 Figure 1.4 Turkey, 2008-2017
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Statistical analysis conducted on trends across countries between 2011 and 2017.
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Figure 2: Deaths by median age, gender and country
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Table 1: Cause of MDMA-related deaths by gender and country

Australia Total (N=507) Female (N=95) Male (N=412)
n (%) Median age (range) n (%) Median age (range) n (%) Median age (range)
Drug toxicity (all) 309 (61) 27 (15-60)® 68 (72)° 23 (15-54)¢ 241 (58) 28 (17-60)
Multiple drug toxicity 241 (48) 28 (15 to 58) 41 (43) 26 (17-54) 200 (48) 28.5 (17-58)
MDMA toxicity only 68 (13) 24 (15-60)° 27 (29) 21 (15-37) 41 (10) 26 (17-60)
Other cause 198 (39) 25 (16 -58) 27 (28) 25 (17-40) 171 (42) 25 (16-58)
Finland Total (N=100) Female (N=19) Male (N=81)
n (%) Median age (range) n (%) Median age (range) n (%) Median age (range)
Drug toxicity (all) 70 (70) 24.5 (17-53) 18 (95) 23 (19-44) 52 (65) 25 (17-53)
Multiple drug toxicity 57 (57) 25 (17-53) 15 (79) 24 (19-44) 42 (52) 25 (17-53)
MDMA toxicity only 13 (13) 22 (18-38) <5(16) N/A 10 (13) 23.5 (18-38)
Other cause 30 (30) 23.5 (17- 47) <5 (5) N/A 29 (35) 24 (17-47)
Portugal Total (N=45) Female (N=3) Male (N=42)
n (%) Median age (range) n (%) Median age (range) n (%) Median age (range)
Drug toxicity (all) 20 (44) 32 (18-47) 3 (100) 23 (20-32) 17 (41) 34 (18-47)
Multiple drug toxicity 13 (28) 34 (20-42) 2 (66) N/A 11 (27) 34 (20-42)
MDMA toxicity only 7 (16) 32 (18-47) 1(34) N/A 6 (14) 32 (18-47)
Other cause 25 (56) 26 (16- 38) 0 N/A 25 (59) 26 (16-38)
Turkey Total (N=1400) Female (N=86) Male (N=1314)
n (%) Median age (range) n (%) Median age (range) n (%) Median age (range)
Drug toxicity (all) 840 (60) 26 (14-59)° 51 (60) 25 (15-60) 789 (60) 26 (14-59)
Multiple drug toxicity 487 (35) 27 (15-58) 35 (30) 25 (18-47) 457 35) 27 (15-58)
MDMA toxicity only 353 (25) 24 (15-58)° 24 (21) 24 (16-50) 332 (25) 24 (14-59)
Other cause 560 (40) 28 (13-60) 35 (40) 29 (16-43) 525 (40) 27 (13-60)




aStatistically significant difference in median age between drug toxicity and other cause deaths.

b Statistically significant difference in median age between MDMA toxicity and multiple drug toxicity deaths.
€ statistically significant difference in proportions of females and males.

d Statistically significant difference in median age of females and males
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Figure 3: Median blood concentrations (mg/L) of MDMA by cause of death and country

Figure 3.1: Drug toxicity vs Other cause deaths Figure 3.2: Multiple drug vs MDMA alone toxicity
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Table 2: Presence of other drugs in toxicology of MDMA-related deaths by country

Drug Australia Finland Portugal Turkey
N=435 N=83 N=45 n=1400
n (%) n (%) (n) (%) n (%)
Psychostimulants 226 (52) 51 (61) 12 (27) 218 (16)
Amphetamine 0 45 (54) 2 (4) 94 (7)
Methamphetamine 170 (39) 7(8) 1(2) 127 (9)
Cocaine 77 (18) 7(8) 11 (24) 122 (9)
Alcohol 198 (46) 30 (36) 22 (49) 225 (16)
Opioids 122 (28) 53 (64) 5 (11) 192 (14)
Cannabis 110 (25) 31 (37) 21 (47) 463 (33)
Benzodiazepines 100 (23) 67 (81) 6 (13) 75 (5)
Synthetic Cannabinoids 0 0 0 208 (15)
Other NPS* 26 (6) 13 (16) 0 0

*Includes paramethoxyamphetamine, alpha-PVP, ephedrine, methylphenidate, methcathinone, MDPV, and MDEA.
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Supplementary Figure 1: Weight in kilograms and number of MDMA seizures by country

Supp. Figure 1.1: Number and weight of seizures, Australia and Turkey Supp. Figure 1.2: Number and weight of seizures, Finland and Portugal
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Sources: Department of Home Affairs Australia; European Drug Report 2019; EMCDDA Statistical Bulletin 2019; UNODC World Drug Report 2020
NB: Data for the number of seizures in Finland were missing for the years 2014 and 2015.



Supplementary Figure 2: Past year population prevalence of MDMA use among those
aged 25 to 34 years, by country 2007-2020
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NB: Data for Turkey not shown as there was only one year available, and it is thought to be under
representative of the true prevalence of MDMA use.
Source: AIHW, 2020; EMCDDA, 2020



Supplementary Table 1A: Median blood concentrations of MDMA by cause of death and gender, Australia*

All deaths Males Females
Median mg/L (range) Numbers* Median mg/L (range) Numbers* Median mg/L (range) Numbers*
Drug toxicity 0.60 (0.01-64.00) 262 0.52 (0.01-64.00) 207 0.80 (0.02-22.00) 55
Multiple drug toxicity 0.43(0.01-22.00) 210 0.42 (0.01-14.00) 176 0.64 (0.02-22.00) 34
MDMA toxicity 1.20 (0.04-64.00) 52 1.20 (0.07-64.00) 31 1.10 (0.04-11.50) 21
Other cause 0.33(0.01-8.40) 173 0.30 (0.01-8.40) 150 0.46 (0.01-6.80) 23
All Deaths 0.46 (0.01-64.00) 435 0.42 (0.01-64.00) 357 0.66 (0.17-22.00) 78

* Where quantitative data available for femoral blood. Quantitative toxicology data on concentrations were available in 87% of cases (88% of males and 85%
of females).



Supplementary Table 1B: Median blood concentrations of MDMA by cause of death and gender, Finland*

All deaths Males Females
Median mg/L (range) Numbers* Median mg/L (range) Numbers* Median mg/L (range) Numbers*
Drug toxicity 0.85 (0.04-5.20) 60 0.81 (0.07-5.20) 45 1.00 (0.04-4.80) 15
Multiple drug toxicity 0.72 (0.04-5.20) 47 0.69 (0.07-5.20) 35 0.94 (0.04-3.70) 12
MDMA toxicity 2.20 (0.34-5.20) 13 2.50 (0.34-5.20) 10 2.10 (0.70-4.80) 3
Other cause 0.33(0.42-23.00) 21 0.35 (0.04-23.00) 20 N/A 1
All Deaths 0.70 (0.04-23.00) 81 0.65 (0.04-23.00) 65 0.94 (0.04-4.80) 16

*Where quantitative data for femoral blood available. Quantitative toxicology data on concentrations were available data in 81% of cases (80% of males and
84% of females). N/A: Not applicable



Supplementary Table 1C: Median blood concentrations of MDMA by cause of death, Portugal*

All deaths
Median mg/L(range) Numbers*
Drug toxicity 0.84 (0.001-7.20) 20
Multiple drug toxicity 0.77 (0.001-7.20) 13
MDMA toxicity 0.97 (0.25-2.27) 7
Other cause 0.60 (0.03-6.99) 24
All Deaths 0.73 (0.001-7.20) 44

*Where quantitative data available for blood concentrations. Quantitative toxicology data were available in 98% of cases.
NB: Insufficient data to show gender breakdown.



Supplementary Table 1D: Median blood concentrations of MDMA by cause of death and gender, Turkey*

All deaths Males Females
Median mg/L (range) = Numbers* Median mg/L (range) Numbers* Median mg/L (range) Numbers*
Drug toxicity 1.20 (0.03-28.00) 179 1.19 (0.03-28.00) 168 1.24 (0.20-13.95) 11
Multiple drug toxicity 0.73 (0.03-28.00) 77 0.71 (0.03-28.00) 73 1.30 (0.20-4.31) 4
MDMA toxicity 1.52 (0.26-17.40) 102 1.52 (0.26-17.40) 95 1.24 (0.55-13.95) 7
Other cause 0.39 (0.02-9.32) 92 0.39 (0.02-9.32) 87 0.56 (0.23-5.39) 5
All Deaths 0.82 (0.02-28.00) 271 0.81 (0.02-28.00) 255 1.00 (0.20-13.95) 16

* Where quantitative data available for blood concentrations. Quantitative toxicology data were available in 25% of cases (21% of males and 19% of

females).



